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Study on Void Formation in Oxide Dispersion Strengthened Ferritic Steels
during Electron-Irradiation
- Effect of Recrystallization and Cold-working -

S. Ohnuki !, T. Suda!J, Saito 1, S. Yamashita-‘, H. Takahashi *
N. Akasaka ® and S. Ukai ?

Several types of oxide dispersion strengthened (ODS) ferritic steels prepared at different treatment; Ar
or He atmosphere, recrystallization and cold-working. These ODS steels were electron-irradiated to 12
dpa at 670-720K in HVEM. During the the irradiation, the development of defect structures (void and
loop formation) was investigated for these steels, ODS ferritic steels showed swelling resistance
comparing to austenitic steels, however, the behavior of void formation was clearly depended on the
treatment. The peak temperature of swelling was 700K, and the maximum swelling of 0.8% was

observed in recrystallized steels. The radiation-enhanced precipitation of @’ was confirmed after
recrystallization at higher temperature. The cold-working was effective for suppressing the swelling.
The ODS steel manufactured in atmosphere of another gas, in which conventional Ar gas was changed
to He gas, showed good swelling resistance. From these results, the void formation of ODS ferritic
steels was strongly depended on the dislocation density, dispersed oxsides, gas bubbles.

Work performed by Hokkaido University in collaboration with Power Reactor and Nuclear
Fuel Development Corporation

PNC Liaison : MMS, Fuels and Materials Division, O-arai Engineering Center, Naoaki
Akasaka
1) Faculty of Engineering, Hokkaido University
2) Center for Advanced Research of Energy Technology, Hokkaido University
3) Fuels and Materials Division, O-arai Engineering Center, PNC
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—%. 7T M. 800K BEAZEIZBETHRENIROETTIHNE, F—2XFF1 MELERTR
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2 BBMEHERUTRRE &

2-1 &

S THWENERENL 6 BETHS (F1) .
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EEXTIE, Arl000. Arl100. Arl200. 20%CW. 40%CW, Hell00 @ 6 BOHHE2H L=, D55,
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40%CW 1. 1100CT 1 BEOBERESUEE. 20%. 40%0OBHAMT 2T WIILEMZEALEZHDOTH S,
SEOANMNTOA X TBOSHSE TN I HATHo 208, . Hell00 OFE, He A THok.

HBOEREE 2 ICRT, 22T, BEEEE (Excess O) &id. 2F0BFENS Y,0, DBRFEEEL
BlW/AETH B, ODS 75 hMEW., Cr BABELT 11-13wt%, DEBIT & LT Y,0, 41 0.2-0.3wt%e
FNTBY, EEBRIYERE IZETFOMASEEWSEALMS, TIVEMEN TS, £k, Thio
FENK, EHESHEME & L TIRRIX 1=/, Fe EHEL THBHOEWEEZEMRT S Nb, Ni. Mo %,
Mo, W, TiRETRELTWS, Ar RO He 13, AAZ 7 oq o VRICERLAETREETAOKEER
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3 EREBEFR
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b=1/2a<111> DR FRIBFRBEMII—TTHD ZEBHNo TWB[11-15], - T, BEITZIHME
100> £95 &, b=a<l00>% 1 F7OBMIN—7I3ERF. b=1/2a<111>%F 1 TOERAIIL—F1EEM
Ficirs,

3 1L Ar1000, Arl100. Ar1200, Hell00 @ 0.40dpa BEBROEGMIL—T25RE., ERE LD 2D0
&4 TG — T ORRRFHRE I Nz, Arl000 B Arl100 TH. 1/2a<111>E40)b— 7 ORI
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UT. o’ HOERPEEIND Arl1200 TRESY A IETFLE. 2 Hell00 QN —7 D04 X
HEBRELBRBES o7,

B 513 673K T 0.7dpa ETOEMI—TORBEOEMERT. EBILa100>4 17 & 1/2a<111
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LT, He D5, BEEOELIIKRESERS, Ar FHEKOFEENL 0.2dpa £ TORNIHN—T O #KE
FEOBEML. EERTT20IC8L. Hell00 04 0.2dpa LIELME L TEBEIEMT S Z &880

27,

3-3 B REHE

612 698K T 12dpa X TRH L% 6 BOREOHEBERT. WTNO Ar H#EEM (Ar1000. Arl100,
Ar1200) ThH. BT FEREZBEETH - 7=, BHENTH TR, MTRICEC TR FOBRRBES L. —
#. He OF#EEM (Hell00) T, BT ROBRIZLITNTH- .

B4 713 Arl100 OFA ROFEH1 XORHFEELERT. SHEHEEE S HTEEY 1 JITRHEE &I
BL7z. B8 13 Ar1100 OR1 FEBEE(LERT, 2dpa L ELOBRHETEEEIFE—E. bLIX
DITNREBINERTORERD, R FEBRIZEHDEICETLTLUEI ZE2FRELTNHS,

X936 MORHED 12dpa MNEDO ALY > 7 OREKEFEEZTRT, Ar1000, Ar1100, Ar1200 g
NLRA FOWRIKEETH Y. ALY »FIIE/RERECREERE 700K TY—7 720, AT 0.8%
IZELZ. LML, ZHEBENOBHREESENORNOERETHD, RESAFEZRELAREOATY Y
BELZSHBOLHEEFINDS, BEMIH TR, MIBIZHCTATY X AEEDS LU, ZoBERITEMNOE
ANATY T OMENICHRNTH B Z &2 RLTWS, —F., He OFBEEMOATY >V RFERITEL 2
Sfte TROBANZANT OA WO He HAFRTIE. R RAT) > 7ONRIICHRENTHS &
ZRLTWS,

4 EE

4-1 WMRATY > 7%

ERETT o RETREBHTIZ. ODS 7251 FMEODR Y 21X, BRAT 08%&Mkok (B9 . &
DERA—RA T MR E LB LU TIEEIEN, #RBROF—AFF1 MEDER, AHROBHEKHET
DAL > TRBRTEETH D16, 17), - T, FPED ODS 7= 51 ML, BRI, 72510
MADENAWMATLY 7 E2ET 5 L HKHENS,

T2o4 MADKRA RALY U 7WMEWEHBEL T, bec #ETH IO OHETHSNATNT L
IF5N 3, bee #lld, fec BB EHBL T, N T APENNE I DD AREPBEEEFOBHENE W
B BFRET LEFELOBERARIR L, BERTOERMBEBEN LIS WESNTNS[18, 19],

ODS 7= Z- MAOHT FEROBEERIITEL, BT 00K FETYr—2273 (09 . 2O
MIERREHEESICRETEEELONS. B 10 OR1 REEY M X EBEORHREEKEEN S, BE
PEWEE, R ROFEEY 1 38Nl ., BEERRITAECENHELN TR/, LENST, AT Y
U DOBRERFHEIIROL S ICHBAEINS, EBRATATZY X VPETT501E. ARMBOBSEENEL,
ARGRELOHEEBRENERRED, EEHYL LZENE<RVATY Y FREN. —F. SRETER. 5
EEOBNARMEREMNPRRAEZD L 7 IR EN DT <R3, BT RERROBRNESNKEE
HEDT 2, CORS REEBEORDICHEN, ATY 2 F3HE< RS, 2510, BB TIXARMOBES B
EXRE<RD, BEMENRTREZEBERERSS(20],

4-2 BMUEEDOHR

Ar FEROBREM(Ar1 10001, BENIRIECTALY 3Pl (B9 . Thid, ODS 7
T4 MATH, MIEAEHPRA FALZY 27 OMENIHRHTH 2T LZHEBITRLTNWS, Thbb,
REECBRMARRMEORAR VI 20D, ARFEREEZETIE, R MEREBREN321), 0
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BUOHREMBICTS & AV T EREABEORERRE. ROLICHAZNE, 3 BOFMBRH
(Ar1000, Ar1100. Ar1200)0#H&. BUBERELS, L 7BERAEIWOT, ALY P FEIEBHAE
W, WIHTHE. BEEORMLS 7 ELTHE, R FEREAEsns.

4-3 REET A OFE

ARZANTOA TOFRERELTAr ZRVWEBERM T, AT > FiREENAEL, He BEK
ELEBEITR, R FBERIIEEACHEHENAERENESNE (B9 . COERELTESTICESE
TEAEREEHANTINDOHMEE AL DN T OA TROERSRVEETH S,

4-3-1 BBHANT N OEER

Ar D Ar H ARG ERNK 46ppm THADIIH L. He D He BFERIIB L% 2.8~3.3ppm &7
W (R 2) , RICTEETAISEPOBEBENNENWEDIZ, BEAEINTINELTEETREHTE
END, T, FEEARAIREARGBEOHEERANKREL, BEKBHLENWIERASNTNS =D,
R ENZREETAORIIBEFF THEEREINSGTHS S, LEN>T, aWEOL S £
HETH R FERDHWIRA U /R U TARESET A OEE BRI AR EREELrRIFTEHETE S,

EHEICBN TR, BHITO Ar BESMOEEIC. #EaNTIVREELThWE, ZHICETREEET
L. NTNEBELTRS RERERVRET 22 EBDENE. LEXST, TONTIEAT=
V704 A TBICEALE Ar HAREBEABICLIVES L O LKA NS, Thbb, Ar #7713,
TEEAZABITREL, MUNATRANTNVEEA ROBRBRESHERY, ALY X FBRO—REL> TS,
He DFEI. Ar iITHRTEFYL XAWNEL, BRICKOEEMSHRTPT V. 20k He HTRAR
NTVIFEAETRINT, K1 ROBFEEFBEBZDFEL, ATV DRV EHEENS, 2O &
ST, BEARILODS 751 MEORA RERICHR FET 5,

4-3-2 ARZHANTOA CTBBOFEETADES

B2 TRTEDIT,. He T Ar HIcHR, BERTFIIR OMMICOWM T ENgholz. Z0,
SN TORMEEOEREL T, BHADREGEEEDENWRELSNS, EEREBOBRGEERARICTT &
HIZ He DENRKEN[22],

Ar:17.63%107° JK'm*s™)
He : 149.3%10°% JK'ms™?)

ZDie He HAZHMEADAGEENEL, A HNTaA L FROMEOERE EREDRLS, Z0H
MBS EINDEHETES, 0T, AWM TOA27IcE3Y,. O. TIOT7 xS b w7 R
ADOEFHEEDRIL, He FRROFVPRENEHING., SERITFIE. TOBORAMFH U FiZ, flic
WMHTB5EBEZXEND8,. He ML Ar MIcHB LT, HSBETFREIDHEHTHY., BOBRHICI-Th&
VHWBRRMBDI >0 &0, BEROMRRMGBE 2RDIFDTEVEETES, FHEOBEML—T
WS T, He MOERMI— TERECIIRBNEZLEEL L, TOBROREDMHENE, T,
He # TIHBRIIARBEBEDES. F1 RFOKESIMHINS SflHdns.,

—%. BBERETOREZLES FOBRICEEEEZ D3, He T, AWl 7oAs o FEETODY.
O, Ti FWRHEEL TWS EHEESN. BHALEED ZORBRESRENETNE,. AXBONSyE Y
FREBALI T OMEHARETSH 3,

BloRnrs, MRHEEZELE ODS 7251 MIDESIZIX., Ah=HILT O » IBOREEN]
AZERDERIZEETH D,

4-4 BR@ELEAL) XV ORE

Ar OBRBEMOATY U 7EERRTSH Y. BRBCEEICLSERRshiabok (H8) ., Lk,
B —7OBRICEENBED Sk, TOBEREL T, BRACERENEVWES. BEfRECEXD e’
PHR LR LT 5. Ledi> T, BRELEE SR FRRIOIBERD 3,

Ar1200 T, BT OBRN S, BRICKS o’ HOBHRARRENEZ (B3) . £k, Arl200 13
fICEAT, 2R TYA XD THICKREL, 2HBTHE—LL TS (X 2) . LMo T, H#te 7
DTy PREPFNELS, RREBEETHMGICEL, ¢ BERIBEINSEENSS. ChEEET
&, BRBEEZRRICLULAZHEIE. SENTOHAMPRIEEOETAEICLD ALY > FOMHE
MEPENRE. o BEERICKBSALY X 7OMEZIRMBE(12, 13), BRELVTAZU X JRIEE
AWEBLZWb D LRI NS,

- BEERPICAEETANTIVIZEGT D EABA6NS. M 11T Ar OB REGY A L EHEED
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BRBREOCEEZEETRY, BEREEEOEINEEBIC, 1 RY1 38 HNL. $EEIIMETTS, 20C
&, BERCAERICHINTIVRESL, BEBEMET Ui, HANTNEBELTERT B R
FOBEERETL., Yo XML L#ET 5,

5 BE
A ORETEAL LRYHEEREE Y = 5 MAOBHBEE2ETFREMICLVTML. DTORR
Rz,
(1) ODS 7« 5 MEIRERMIZM AT > I HEFTHMETH B,
(2)ODS 7x. Z- FMADALY > FOY— 7 BEIXBXZ 700K TH 5,
(3Y 1200 CTHERUEL ZREI T, BEICED o’ HOBRARIES N,
(4) BHEECLBEROBMNICLVGEMEEATSI L. ALY X 7MEICHRNTS 3,
(B) ARZANTOA 2 THIERTIABEARE Ar HZAN S He HAREZBEAT) X T3HET T 5,
(6) BALORERM S, B4/ 858 ODS 7 = 77 MAD R RERESIL. BNTE. 28k T. H2
NINWIRETHBEETHT EBHEM R,
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HiE TEEHZ BHESNE  SEMIE

Ar1000 1000°CH#ES Ar 1000°C, 1h -
Ar1100 1100°CE#ES Ar 1100°C, 1h -
Ar1200 1200CEERH Ar 1200°%C, 1h -
20%CW  20% AR TH Ar 1100°C, 1h 20%
40%CW  40% ARIMIH Ar 1100°C, 1h 40%
He1100 He-MAH He 1100°C, 1h -
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Elements Ar1000-1200 Hel1100
(wt%) 20-40%CW

C 0.031 0.023
Si 0.03 0.03
Mn 0.10 0.045
P 0.002 0.002
Al 0.004 0.003
S 0.004 0.003
B 0.0019 0.0012
Ni 0.041 0.033
Cr 11.38 11.68
Mo - -

Ti 0.10 0.10
W 1.99 1.97
v - .
Nb - -
N 0.017 0.009
Y203 0.2 0.2
Excess O 0.08 0.08
Ar 0.0046 -
He - 0.00028-33*

* IRERSE THRERENEHOODS T = 51 M O

K2 ARBOMR
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3. BE oIV —7 (698K,0.4dpa)
(a) Ar1000 (b) Ar1100 (¢) Ar1200 (d) HellOO
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6.8 4 FAE#k (698K,10dpa)
(a) Ar1000 (b) Ar1100 (c) Ar1200 (d) 20%CW (e) 40%CW (f) Hell0Q0
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